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SOME CHARACTERISTICS OF THE 1B41,
1845, ABRD 1BYG SERIKS SPARK GAPS

tract

Opsration of oomcentric, oylindriczl electrode, aluminum cathode type series
spark gape at SCI and AEW couditions is discussed. Theee gaps are shown to
be satisfaotory for operation uuder several combinations of high power, high
repetition rate, and high pressure; but that in general the voltage range
which can be relied c¢u over 500 hours is quite small for operation at high
values of these quantities teken sizultancously. In all cases, attempts to
reduce the time jitter to the order cf 1% of the pulse width have been un-
successful. Jitter of 1 tc I msec is to be expected.

The impulse ratio of these gaps when ncw for a 20 kv/usec rate of rise
of voltage increates from 1.62 to 1.93 in raising the pressure froe 90 to
250 ca. During operation at 1155 pps. 1 msec, and 21 kv in a 50 obm ciroult,
the pressure of gaps filled initialiy to 150 ca kas besn observed to decrease
by as much as 8.8%. This decreasc is found tc be due largely to the loes of
hydrogen and not argon. However, changaes in preesure due to loss of gas dur-
ing operation havea relatively small affect on the range as determined by re-
filling and retesting gaps after 500 hours opsration.
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SOHE CHARACTENISTLCS OF THE 1Bu1, 1BY%5, AsD 1BY4J SEKISS SPARK GAPS

I. Introduction

The development work on cylindrical elecirode, aluminum cathode type
series spark gaps reported her2 has been carried out in cooperation with
the Westinghouse Electric Company under the terms of OSED contract OEMsr-709.
Their work is summarized eleewhere®.

The development of gaps to operate in a line type modulator capable of
supplying 0.5 megawatt to & magnetron load was first undertaken. As the power
requirementa of radar sets increased, the power level at which work was done
on this type gap was also lucreased. It wae found that these gaps would oper-
ate over a very wide range of esnditions with certain limitatione on operating
voltage renge. Z2lthough operation of these gaps 1s satisfactory for many com-
binations of high power, high repetition rate, and high pressure, in general,
the voltage range which cun be relled on is quite small for operation at high
values of these quantities taken simultaneously. In all cases, attempts to
reduce the time jitter to the order of 1% of the pulse width have deen unsuc-
cessful. Jitter of the crder of 1 to 3 nsac 1s to de sxpected.

II. Operation at SCI Conditions

The SCI radar sets are the Radiation Ladoratory preprodnction models of
the SX production unite bullt by the General ElecSric Company. kach set re-
quires two modulators. One 1is for sgarch purposes and is required to operate
at 1 nsec pulse duration and a repetition rate of 390 pps. The other ie for
height finding and is required to operste at 1 msec and 1170 pps with a pro-
vision for switching to 390 pps for searching if and when desired. The search
and height finding sets use an HK] and HI5 wmagnetron respectively. Initial
plens were to opernte the search and H.F. sets at 3 and 2 megawatts respec-
tively into the magnetrons requiring cperating modulator switch or network
voltages of 29 and 24 kv respectively. These powers were later lowered to
2 and 1 megawatt respectively which lowered the required switch voltagee to
24 and 17 kv. This decrease in power was necessitated by unsatisfactory opera-
tion of the magnetrons at the higher powers.

A. Preproduction ¥X3240

Photograph 1 of Plato I 1s & print of an X-ray of a preproduction WX32k0
series gap. The outer electrode l!s an aluminum cylinder which serves as the
cathode, and the inner electrode is an iron rod serving as the anode. The
inside diameter of the cathode is 1.0" and the outside diameter of the anode
is ,340". A drop of RaBr sclution is placed at the bdottom of the cathode to
provide beckground iloaization to sid in starting these gaps which was found
necessary for good starting of similar gars operated at lower voltages--about
12 kv across 3 gaps in serles. At these higher voltages required for SCI, 1t

*£.G.F. Arnott, "Development of Series Spark Gaps®, January 1, 1943 to June 30, 19Uk,
Division 14, MDRC Report No. 327.

K.G.F, Arnott, "Final Report on Contract OEMsr-709%, July 12, 1945, Division 1k,
NDRC Report No. Ugh
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is believed that thers is sufficlent coroua preeent in the tube to producs
ionization for etarting without the RaBr.

Figzure 1 shows range ve. operating tine for three of these gaps operated
in eeries in & line modulator with & 50 cha network and 50 ohm resistance load
at 390 pps and 1 usec. Fach gao was filled to 175 cm actual pressure with 850k
hydrogen and 20» argon. Negative ewitch voltegs was ueed with a positive trig-
ger voltage pulse coupled to the lower interrmediate point. Six megodm divid-
ing resistors ant a 60 yppf trigzer coupling condenser wers used. It wae later
found that coupling the trigger to both irturmediate points would lower Vgyn
and Vgeary but have neglizible effect on Vg4 after 50 to 100 hours operation.
Two-point triggering is to be preferr2d and is being used in these modulators.
Oporation of the gaps was still satisfactory at 700 hours. Vpax is the maxi.
mum voltage at which the ewitch would operate without prefiring, and V.5, the
minimum voltage at which it would operate without missing,as determined by obd-
serving the resonance charging ewitch voltage on an oscilloscope. @5 kv trigger
voltaze wae required to obtein maxiuum range with these gaps. Trigger voltage
is measured by & substitution method. Figure 2 shows three methods of coupling
the trigger Lo three of these gaps in series. It is necessary to use three gaps
in series since the range obtained with two is not sufficient at high powvers
where thsre ls consideralhle change in the range during operation. The input
capacitance from point P to grouud wae measured to de 15 mpf. A capacity volt-
age divider, also having 15 ppf iaput capacitance to ground, was substituted
ror the gars at point P and the trigger voltage measured. Thus, ths trigger
transformer was loaded the same durinz the measurement as during operation of
the gavs. This gives one ucproximately the nctual voltage presented to the
gaps. This sudstitution method ie made necessary by the fact that this and
othrer simiiar high voltage, low energy trigger circuits are sensitive to load-
ing. The trigger circuit used is as shown. _Satisfactory design procedurs has
been found to be to make Cb.-_ 201: where Cp = a<Cg. n is the turns ratio of the
pulse trapsformer, T, and Ug is the capacity load oa the secondary of T, about
15 uuf. Three transformers saticfactory for use as T are in production. The
K2740 and K2730B are the SX and AEW tracsformers respectively manufactured by
the General Electric Ccmpany. They are rated for 35 and 3O kv resgectively.
The 234B¥ is a trunsformer designed for general laboratory testing to give
35 kv on 15 auf up to 2000 pps and 2) kv up to 4000 pps. VYestinghouse manu-
factures this unit. C; can bte charged through a resietance from the maim or
auxiliary power sucply, or it can bde choke, or choke-diode charged from an
auxiliary supply. The trig;es pulee shape ie not critical. The rate of rise
with the above transformers varies fror 38 to 55 kv/psec.sith no added induc-
tance in the plate circuit of the NC35 hydrogen thyratron. 60 ph added in
this circuit reduces the rate of risc to about § of these values. Matters
pertaining to rate of rise and also deetign data for these and other transforters
with higher rates ol rise are discussed in connection with work on the iron
sponge - mercury cathode eeries gap wherc rate of rise is luportant from the
standpoint of obtalning minimur time jitter.®

*J. R, Dillinger, "Operation of Sintered Iron Sponge-Mercury Cathode Type
Series Gaps at SCI, AEW, and 5 jisec Conditions", November 28, 19U5.

Figure 2 =
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Figure 3 shows changes in raange with time for a est of three of these
aps filled to 175 cm and operated at 1170 pps and 1 peec in a 50 ohm oir-
cuit. At 105 hours, it was necessary to lower the switch voltage in order
to stop the kick outs. Operation within 1.5 kv of Vpax at theee conditionn
is not satisfactory due to kick outs. The trigser was coupled to the lcwer
intermediate point. Table I shows the range of three new tubes at 1010 (ps
4ith R 1.5 megohms and C = 60 spf. A and B are for the triggers coup;:d vs
ia a and % of Pigure 2 respectivily, and C; ie for c with the trigger polarity
opposite to that of the switch voltage and C; with the trigger polerity the
same as the switch voltuge. The variations 1n Vj,; with trigger coupling zan

be accounted for from the standpoint of voltage division for given values of
¥, f, aod C.

Y P S e

TARLE I N

A ) ¢, c; |

Voax 37.0 3.0 32.0  32.0

Yaiu 17.8 17.6 8.5 14.0

Vatart 11.0 11.7 5.0 9.5

Lowver valuee of Vgyp and Vggapry with two-point triggeriog show that this

sethod ie advantageous froo this standroint. Two point triggering at kigh

power is decidedly better than single-peint triggering although this is not
apparent from comparisons made on new tubes, frr atter the anodes gst rough

and Voo hae come down, Tmax i8 esseutially the same regardless of how *he trige
ger is ooupled, but Vpip nnd Tatart remeiu iower for two-poirnt triggering Divi-
sion of voltags and trigzer ~oupling ls diccussed in soue detuil elsevwhere.®

Yhotograph 1 of Plate Il shows iLc anode of vue of the three tubes un .
abich the data of Figure 3 were takeo. During; operstlon of thsse :aps, ¢lumi
uum is eroded from the cathode, transferred to. ant depnsited nn the ancis
Uuder sany sets of operating conditiucs thi, anole builld-up remains sufficlently
swouth 80 as not to seriously affect range over Al least 500 hours. However,
the combination of high prwer, high pressure, and high repetition rste accounts
for thie rough auode build-upy which in turn accounts for the large drop in Vegy.

“re more fundamental aspects of cathode erosion and anode duild-up in these
tudes are discussed ~lsewhere ¢

I o

One set of gaps fiiied to 150 cm pressure bad a Vgyay of 35 kv at 500 pps
and 28 kv at 1300 pps. Measurement of the rate of ensrgy dissipation in each
gar filled to 175 cm pressure und operated at 1000 pps auu 1 mssc, with a mea.
sured peak current 2f 250 amps gave GO watts. Purther coneideration to dissi

i g’ W ”f‘} [ PR 5

®J. R. Dillinger, F. E. Bottwell, “vivision of Voltayge Acruss Series Spark Gaps i
i+ u bine Type Modulator®, R.L. Report 682-2, Octobar 31, 1945.

#! . Di.linger, "Gsueras Craracteristics ol kunciosed ipark Oaps with Esphasie L]
5n Aluminom Cathode Type Sertes Gaps®, R.L. Report 682.3, Wovembder 21, 194,
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pation, etc. 1s given olseyhere.*
B. .W4O" Spacing Tute

Three tubes, siullar to the preproduction WX3240 except with 1.317" I.D.
cathodes and .437" 0.D. mnodes (makinz the spacing .LYO") were filled to 150 ce
pressure with B0k Hy and 20% & and opersted at 1170 ppe and 1 usec in & 50 obm
circuit with the trigger coupled to the lower intermediate point. ZTwo megoba
dividing resistors and a 60 uuf coupling condsnser were ueed. Figure 4 ehowe
changes in range with tire, and photograph 2 of Plate II is a print of an X-ray
of one of these tubes after 500 hours cperation. At 500 houre the tnbes were
repuxped, baked, and refilled. The enctircled data shown at 500 hours were taken
after the tubes had been refilled, ehowing thatpreseure changes had been 1nsig-
nificant from the stnndpoint of affecting range.

C. The 1BYS

Photograph 2 of Plate I in 2 print of an X-ray of a production model WX32L0
¢ap manufactured by the Westinghcuee Electric Company. Thie gap filled to 175 cu
rressure with 80% Hp and 20% A is a 1BYS. It has a drop of RaBr solution at the
bottom of the cathode. Figure 5 shovs range vs. time for operation of three of
these gaps in series at 1170 pps 2nd 1 psec in a 50 ohm circuit. There wers 20
kick outs daring this 280-hour test. Range at eaoh time was taken in sach of tke
three vaye referred to in Figure 2 as indicated,"a” referring to coupling at the
lower,"b to the upper, and'c*to bdeth intermediate points. Values of R and C used
were 2 megohms and 60 muf respectively. Photographe 3 and U show ths amodee of
two of these tubes after 280 hours of operation. Figure 5 showe that two-point
triggering 1s definitely better for operation of these gaps under conditions at
which there is considerable anode rovghening. Vpin and Vetart (the dashed lines
are '.“ﬂ) are coneiderably lover. Fovever, Vpax is gemerally higher with the
trigzer coupled to the lower point, particularly so when the gaps are new. 7Theee
gape wsre operated with the trigger coupled to the lover point for the firet 200
hours and with it courled to doth points thereafter.

Figure 6 shows range vs. time for 3 of these gaps operated at 1170 Pps and
1 usec in a 50 ohm circuit with an KI5 mngnetron load. At 20.5 kv ewitoh voltage
the measured input to the magnetron was 1.6 megavatts and 1.1 megawatte at 17.5 kv.
At 1.6 megavatts the magnetron sparksd very badly, and its life was about 50 hours.

At 18 hours the triggsr was changed from being coupied to the lower point to being
coupled to both points which accounis for the shift in range. Operation of these
gape at 17.5 kv appeare to be quite reliable for at least 500 hours with a enffi-

clently wide range for most purposes with double-point triggering. 17.5 kv 1s the
present SX level.

D. Grooved Ancde Tnbes
Figure 7 showe range vs. Yime for three of theee gaps filled to 175 cm

pressure and operated at 1170 pps and 1 usec in a 50 ohe circuit. These gaps
were of the save geometry as that shown in photograph 1 of Plate I except the

*R. G. FPluharty, J. R. Dillinger, “"Dissipation in Series Spark Gaps and Voltags-
Current Relationships During the Disoharge®, R.L. Report 682-1, Auguet 31, 1945.

b82.4.7
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anodes of thess gaps wers as those shown in photograph 3 of Plate I. The
trigger was coupled to the lover point. Photograph 5 of Plate Il shows the
anode of one of these gaps after 333 bonrs of operation. The build-up is
quits rough, and the distridution of sparking was not very good as is the
case in most of these gaps. It wae believed that the center grooves would
rednce the amount of sparking st the end and eo reduce the end build-up.

E. Grooved Anode and Cutaway Cathode Tubes

Figure § shows range vs. time of three gaps filled to 155 ca and operated
for 300 hours at 1170 pps and 1 mussc in a 5C ohm circuit. The geomstry of
thess gaps was as shown 1in photograph 3 cof Plate I. The geometry is the same
as that of the prodnction WX32U0O excert that the anode le grooved and the cathods
is cutawsy opposite the end of the ancde. Cutting away the cathode opposite
the snd of the snode increases thLe breakdown voltage for a given preesare such
that a set of these gaps filled to 14C cm pressure wos observed to have the
same range as a set of production Wi32U0 gaps filled to 175 ca. Photographs
6 and 7 of Plats II show anodes of two of those tubes after 300 hours opera-
tion. There were 25 kick cuts. BRange was takon each tire with all three ways
of trigger coupling with s, b, and c of Figure 8 corresponding to those of
Figure 2. Thess data again show that two-point triggering gives the widest
opsrating range.

F. WBaO End-Sparking Tubes

Pigure 9 shows range ve. Lize for three gaps as shown in photograph 4
of Plate I opersted with the trigger coupled to dboth points at 1170 pps and
1 psec in a 50 ohm circuit. There were 60 kick outs distributed over the
whole 500 hours. The cethode cf each of thesc gape was a pellet of a sintsred
sixturs of tungsten and barium oxide vith nickel for a binder. The low work
function of this sinter rsduces the calhode erselon rate by a large factor.
These gaps wers hard to starl after being left incperative for some time, in-
dicating ths presence of eome sort of surfacs activation process.

111, Opsration &t AEW Conditions

The modulators for the ARV radar set require a switch to opsrats froa
13.5 to 15.5 kv at 300 pps and 2 nsec in a 25 ohm circuit making the pesk
current about 300 amps. This is a sslf-synchronous system,so small time
Jitter is not required.

A, 1)

Thrae production WX3240 gaps filled to 90 cm preesurs (the 1BN1) operate
quite satisfactorily at these conditions. 7The jitter is of the order of 2 to
3 psec. Trigger voltage of 20 kv, as measured on a 15 unf load, is eufficient
to odtain maxisum range. One set of these gaps wers operated for 1000 hours
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under thess oconditions with a resistance load. The range remained as good
as or better than 12 to 16 kv during this test with the trigger coupled to
the lower point. Two other sets of gaps were operated at 15.8 kv giving

2 mw into an HK7 magnetron load for 500 and 660 hours respectively. Figurs 10
shows range vs. time for ons of these sets with ths trigger coupled in each
of the three ways. It is seen that two-point triggering is to be preferred.
Photograph 8 of Plute Il shows the anode of one tube after 660 hours opera-
tion. The anode duild-up under thess conditions is very smooth. When the
WX3240 gaps are operated at copditions under which the anode duild-up 1s
smooth as show here, the range and operation of these gaps are quite satis-
factory, and the life very long indeed--in excess of 1000 hours.

IV, The 1349

The 1BUG is a production model WX3240 a3 shown in photograph 2 of Plate I
filled to 110 ca. This gap 1s used in soms equipment dsveloped by the Bational
Research Council of Cenada. %hres of these gaps in series should saiantain a

range at least as good as 15 to 20 kv for over 500 hours at 700 pps and 1 peec
in a 50 ohm oirenit.

V. Impulse Ration vs. Prsssure

Table II gives d-c breakdown voltages, impulss dreakdown voltagss with
a rats of rise of voltags = 20 kv/usec, and impulse ration for production

WK3240 gaps filled to three different pressures with 80% Hy and 20% A with
Ralr added.

TAMLE 11

Izpulse d-¢ Ispulee
Breakdown kv Breakdown kv Ratdo

13.8 8.5 1.62
£9.0 15.5 1-87.
32.0 16.6 1.93
.6 16.8 1.52

Ao attespt was mads tc operate & 90 cm gup in seriss with a 250 cu gap.
Since the d-c breakdown of two 90 cm gaps in ssrics = that of one 250, it was
believed that & 90 and 250 cm gap in sories should givs the same range as three
90 cm gaps. It is possible that the rangs vs. life might remain slightly datter,

682-4.19%
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for it is believed tha® V., comes down due to random corona conditione in

one or more gaps- These cause partiel collapse of the gap accompanied by

an overvoltage of the other gape, which can-cause a prefire.
number of gaps would reduce the number of variatles.
oressure would make the anode build-up rovgher in that tubde.

Reducing the
However, the higher

It was found that the range of thrce S0 cx gaps was 21.0 to 11.0 and 20.%
to 12.5 for & 90 and 250 cm in series with ihe voltage Adivided in the ratio
it higher with the 90-.250 combination oan de

iroulee ratio being higher for one 250 ca tade
than for two YO cm tubes, sven though the d-c breakdowns are the same. ln

supplying the higher trigger voltage to the 250 co gap requirsd to break it
down, a higher voltage than normel is lapreseed on the 90 cm gap ia the re-
verse direction which breaks it down at higher switch voltage (Vaipn) than ie
the case when operating three G0 om gaps with the lower impnles dresakdown.

The fact that V
explained on the basis of

Presgure Change with life

Since the kovar end cups of these tubss operate at a high temperaturs,
i1t was suspected that s possidle logs of hydrogen through ths kovar might
account for some of the decredse in V...
at 40O pps, 1 usec, 300 amps, the kovar temperature in a 25°C ambient was
measured to be 225°C and 17%°C respectively.

At 1000 pps. 1 msec, 250 amps and

To check this, the pressurs was ceasured in six tudes at various times
during operation anl the gas also anal;zed.

sealinz the tube onto a vacuva system snd bresking the seal-off tip with a

By letting the gas cxpand into a known volume and knowing
the volume of the tube, the preazsure could be calculated. The gas was analysed
by welghing a standard flask espty and tben full of the gas at a knowvn pres-

Results obtained by this metlLod agrced with those obtained by adsord.
Satisfactory results were not obtained dy

The pressurs wvas ssasured Yy

nagnetic hammer.

tng the Hp over a PdCl sclution.
narsing the gas over hot copper oxide and weighing the

ne.ting 11thium ir the presence of a sanple of the gas and measuring ths pres-
en=: change as the Hp combines with the iLi.

foraad, nor by

Six electrodeless glass bulbs and slx preproduction WX32LO tubes wers
filled at the sare tire from the sam: tack of nominally 50§ hydrogen and 208
argon gas to the same pressure (1L3.8 cm) at the same temperature.
ment of pressure in thc six electrodelese bulbs showed each valus to vary
by less than0.2% from the average value.

The average gas cosposition wae
g0 &% ny;rogen and 19.28 argon with saximum variation of any tabs from thie

The six tubes wsre then operated for varioue tizes at 115% ppe,l Rses,

ud 21 kv in a circuit with a $0 ohm network and 50 obm il 10oad. Pictures of

iodes taken at 100, MOO, and 500 hours are to be seen in Radiation laboratory

Begative and positive
Pressures were corrected to

The data of Tabls III show the results.
lues represent a loss and a gaian respectively.
he filling temperaturss.

[
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TAKIE IX1

Troa

Change in Freseurs
The Average

0.2%

0.9%

100

1.2

.265

2.5%

hoo

1.7%

500

8.8%

L

The increase at 5 hours is large compared to the fluctuations in the
measurements on the etandard hulbz. I% represzents ar ‘ncreaee of 1% em
from the average value, andsince the uaximom varirticn from thie value wae
} 3 am, there is an increase of at leaet 8 ro which cannot te disregarded.
This could be due to gases having been driven out of the mstal parte. ZThe
lossee in pressure ebowr are ant serious fro: the stoudpoint of affecting

range. Impurities driven out of the aleci:odes might bs expected to affect

range; however, one set of y;aps wae refilled, and the range was not affected
ss shown in Figure U,

The tudbe which was run 500 hours ran the last 290 boure with a bole in
the cathode. Operation with eich s hole 1o the cathode has bdeen obeerved

to increaee the eroeion rate by a fac.or of 3. (See Rudlavion Ladoratory

Report 682-3). 1f the loss of ga: it sessclited with the erosicn of alumi-
oum, this could account for that value being disproportionately high. This
increase in the lose of gas after u hole apjiezrs in the cathode had been o0d-
eerved previously on tubes wiith less nccurately controlled fillings.

Kessurements of gas couposition eyreed fairly well with calculated per-
centages of H, and A assuming only K2 was loot and in sufficlent quantity to
account for tﬁe measursd pressure loss. The :3culte certainly shoved that
the number of molecules of Hy lost #me large compared to the number of A mole-
cules lost and/or the nuzber of molecules of forelgn gns gained. This s

true even after takirg intc consideration the 4 to 1 ratio of B; to A mole-
cules preseat initlally.

Calculation of the ratic 3f Hp molecules lost to A molecules loet gave
negative resulis in some caeses whi:ch could be accounted for by the pumber of
foreign molecules of gas gained beinyg greater than tle number of A moleoules

682.4. 18




lost. Thi, work was not carried furthep since aeither gay losses nor ariving
fopurities oyt of the electroges appeared to aocount for an Appreciadle amount:
of the change ip range cbservea during operation.

A&g_oglegmnh I wish ¢o ncknowledge the
and Hovard R. Zeller in obtaining the experiments

J. R, D11 r
Boveaber 2617‘:955




REPORT 682-4 .




PLATE







: ATI-13873 :

TITLE: Some Characierisiics of the 1B41, 1B45, and 1BA9 Series Spark Gaps v

; |____(Nome)
AUTHOR({S}): Dillinger, J. R. 00, AGTXCY ED.
ORIGINATING AGENCY: Massachusetts Institute of Technology, Cambridge, Mass. R-882-4
PUBLISHED 0Y: Office of Scientific Research and Developmeni, NDRC, Washington, D. C- ruasmz ﬁ::: ®o.

A £GS. @ASS. ]' ey = vags | wusmancs
March‘46[ Unclass. U.S. Eng. 22 photos, tables, graphs

ABSTRACT:
Operation of conceniric, cylindrical electrode and of aluminum cathode type sertes spark gaps al SCI and
AEW condliions is discussed. These gaps are shown lo be satisfactory for operation under several combina-
1ions of high power, high repetition rate, and high pressure; bui the voltage range which can be relied on .
over 500 hours is quile small for operaiion at high values of these guanlities taken simultanesusly. In all
cases, attempts to reduce the time Jitter were unsucces&ul.

DISTRIBUTION: Copies of this report obtainable from Air

Series (87650)

t *
DIVISION: Elecironics (3) SUBJECT HEADINGS: Spark gaps,

SECTION: Electronic Theory (12)

AT SHEET NO.. R-3-12-54

Alr Documonts Diviclen, Intclligonea Dopartmont AR TECHNICAL IRDEX Wright-Pattorcon Alr Forco Dosa

L At Matoriol Command Dayton, Ohio _






